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short	 fire	 intervals	may	 threat	pollinators,	 and	especially	 lepidopterans.	Given	 the	
current	fire	regime	changes	at	the	global	scale,	 it	 is	 imperative	to	monitor	postfire	
pollinators	across	many	ecosystems,	as	our	results	suggest	that	fire	regime	is	critical	
in	determining	the	dynamics	of	pollinator	communities.
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1  | INTRODUC TION





for	ecosystem	 functioning	and	 the	 services	 they	provide.	While	 the	
effect	of	wildfires	on	plant	communities	 is	well	studied	across	many	
ecosystems	 around	 the	 world	 (Bradstock,	 Williams,	 &	 Gill,	 2012;	
Keeley,	Bond,	Bradstock,	Pausas,	&	Rundel,	2012;	Pausas	&	Ribeiro,	
2017),	their	effect	on	biotic	interactions	is	still	poorly	known.	An	es‐















Fire	 can	 affect	 biotic	 interactions	 by	 directly	 increasing	 mortal‐
ity,	or	 indirectly,	by	changing	habitat	structure,	which	affects	visibil‐
ity,	 resources	 and	 flowering	 pattern	 (García,	 Castellanos,	 &	 Pausas,	
2016,	2018;	Knight	&	Holt,	2005;	Koltz	et	al.,	2018;	Peralta,	Stevani,	
Chacoff,	Dorado,	&	Vázquez,	2017).	Consequently,	if	the	habitat	con‐












to	 depend	 on	 the	 different	 components	 of	 fire	 regime	 like	 the	 fre‐
quency	of	fires	(Lazarina	et	al.,	2017;	Moretti,	Obrist,	&	Duelli,	2004),	






At	 the	community	 level,	 fire	effects	on	pollinator	diversity	can	
vary	depending	upon	the	spatial	scales	at	which	they	are	measured.	
At	the	regional	scale,	fire	creates	patches	of	different	postfire	age,	





species	 without	 giving	 time	 for	 re‐establishment	 (Connell,	 1978;	
Kral,	 Limb,	Harmon,	&	Hovick,	 2017).	 Therefore,	 the	 intermediate	
disturbance	hypothesis	(Huston,	1979)	predicts	that	a	moderate	fre‐
quency	or	intensity	of	disturbances	maintains	high	species	diversity	
within	 a	 habitat.	 Thus,	 the	 loss	 of	 plant	 diversity	 and	 the	 vegeta‐
tion	 changes	 induced	 by	 altered	 fire	 regime	 can	 trigger	 pollinator	
co‐extinctions	under	high	frequency	of	fires	(Vieira,	Cianciaruso,	&	
Almeida‐Neto,	2013).
Pollinators	 may	 vary	 in	 their	 susceptibility	 to	 fire,	 depending	
on	 certain	 traits	 such	 as	 the	 degree	 of	mobility,	 sociality,	 nesting	
behaviour	 and	 feeding	 habits	 (Kelly	 et	 al.,	 2018;	Kral	 et	 al.,	 2017;	
Pausas,	 2019).	Many	pollinators	 are	 good	 flyers	 and	 thus	 likely	 to	
recolonize	or	to	forage	in	the	burn	area	quickly	as	flowers	are	avail‐




competition	 for	 floral	 resources	 and	 lower	 predation	 levels	 (Koltz	
et	al.,	2018;	Kral	et	al.,	2017;	Pausas	&	Parr,	2018).	Moreover,	polli‐
nators	with	generalist	feeding	habits	tend	to	recolonize	burned	sites	




We	 therefore	 predict	 that	 a	 fire	 event	 promotes	 pollinator	 rich‐
ness	 and	 abundance,	 as	 a	 result	 of	 the	 increased	 floral	 resources	
occurring	 immediately	after	the	fire	and	the	high	pollinator	mobility.	
Consequently,	 we	 expect	 a	 positive	 response	 of	 pollinators	 at	 the	
early	postfire	 successional	 stages.	However,	we	also	expect	 that	 in‐
creased	fire	frequency	will	reduce	pollinator	diversity	due	to	the	dras‐
tic	 changes	 of	 habitat	 and	 resource	 depletion.	Moreover,	 pollinator	
response	 to	 fire	 age	may	 differ	 between	 vegetation	 physiognomies	
where	grasslands	may	exhibit	higher	immediate	postfire	flowering	and	
thus	pollinator	activity,	whereas	woody	vegetation	might	take	longer	
to	 restore	 high	 flowering	 levels.	 To	 test	 these	 predictions,	we	 con‐
ducted	a	systematic	 literature	 review	of	 the	available	studies	across	
the	globe	that	assessed	fire	effects	on	the	community	of	floral	visitors	
that	 are	 known	 to	 pollinate	 plants	 (pollinators	 hereafter).	 By	means	
of	hierarchical	meta‐analyses,	we	evaluate	how	different	 fire	 regime	
parameters	 (fire	 frequency,	 postfire	 time	 and	 fire	 type)	 and	 habitat	
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2  | METHODS
2.1 | Literature search and compilation of dataset
We	 performed	 literature	 searches	 in	 three	 online	 databases	 (ISI	
Web	of	Knowledge,	Fire	Research	 Institute	 library	©	2015	http://
www.firer	esear	chins	titute.org/,	and	Scopus),	in	English,	Spanish	and	
Portuguese,	 covering	 publications	 from	 January	 1973	 to	 October	
2017,	and	using	two	independent	keyword	combinations.	The	first	
search	 involved	 the	 following	 string	 of	 keywords:	 (*fire*	OR	wild‐
fire*	OR	 *burn*)	AND	 (pollinat*	OR	pollinator*),	 and	was	 aimed	at	




and	 common	 names	 of	 insects,	 birds,	 bats	 and	 non‐flying	 mam‐
mals	 that	 are	 known	 to	 be	 pollinators,	 regardless	 of	 the	 interests	
of	 each	 primary	 study,	 to	 determine	 fire	 effects	 on	 plant–pollina‐
tor	interactions:	(*fire*	OR	wildfire*	OR	*burn*)	AND	(hymenoptera	






























the	common	metric	 to	conduct	a	meta‐analysis.	The	 final	 list	of	 the	
studies	included	in	the	meta‐analysis	is	found	in	the	Appendix:	Data	
sources.	In	those	studies,	pollinator	abundance	was	mainly	estimated	











Fire	Type	 (prescribed	vs.	wildfire);	 Pollinator	 taxa	 (birds,	Coleoptera,	
Diptera,	 Hymenoptera	 or	 Lepidoptera);	 Biome	 (following	 Olson	 et	
al.,	 2001);	 vegetation	 physiognomy	 (forest,	 grassland	 or	 shrubland);	
Pollinator	 feeding	 specialization	 (generalist	 vs.	 specialist	 pollinator);	












or	 fire	 frequency	gradients),	we	 calculated	 the	Pearson's	 correlation	
coefficient	r	and	the	sample	size	(Rosenberg,	Rothstein,	&	Gurevitch,	
2013).	(c)	For	studies	presenting	pollinator	presence/absence	data	in	
burned	 and	 unburned	 conditions,	 we	 used	 two	 ×	 two	 contingency	
tables	to	calculate	the	odds	ratio,	which	expresses	the	probability	of	






positive	d	value	corresponds	 to	an	 increase	as	compared	to	 the	un‐
burned	conditions.
We	 conducted	 hierarchical	 mixed	 effects	 meta‐analyses	 for	
each	response	variable	(abundance	and	richness).	That	is,	inverse‐
variance‐weighted	 models	 that	 included	 fixed	 (see	 moderators	
below)	 and	 random	 effects	 to	 estimate	 the	 differences	 across	






fect	 as	 a	 nesting	 factor	 (Stevens	 &	 Taylor,	 2009;	 see	models	 in	
Supporting	Information	Table	S1).
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The	heterogeneity	of	effect	sizes	was	assessed	with	Q	statistics,	
which	are	weighted	sums	of	squares	tested	against	a	χ2	distribution	




pared	have	different	effects	of	 fire.	Specifically,	we	 tested	 the	 fol‐
lowing	predictor	variables:	Fire	frequency,	Fire	age,	Fire	Type,	Biome,	
Vegetation	 physiognomy,	 Pollinator	 taxa,	 Feeding	 specialization,	
Sociality	 and	Nest	 location	 (see	 Supporting	 Information	 Table	 S2).	
We	also	included	the	overall	fire	effect,	which	considers	all	studies	


























We	 identified	 65	 studies	 across	 21	 countries	 of	 the	 5	 continents	
(Supporting	 Information	Figure	S2)	 that	meet	our	criteria	 for	 inclu‐




linators	 studied	 were	 insects,	 a	 few	 were	 birds	 (Apodiformes	 and	
Passeriformes;	Figure	1)	and	only	one	study	reported	data	of	a	marsu‐
pial	pollinator.	Among	the	studied	insect	pollinators,	more	than	50%	



















nificant	 for	 both	 abundance	 and	 richness	 (Supporting	 Information	
Table	S3a),	suggesting	that	fire	effects	may	differ	among	the	differ‐





variability	 is	 large	 and	CIs	 overlap	 zero.	 Pollinator	 abundance	 and	









assessing	 pollinators	 at	 finer	 taxonomic	 resolution	 (family,	 genus/




Within	 the	same	order	 there	may	be	species	 responding	 to	 fire	 in	




homogeneous	 (i.e.,	Qb	was	not	 significant;	 Supporting	 Information	

















nomies	 (forest,	 shrubland	and	grassland)	 responded	 fairly	 similarly	
(Supporting	Information	Table	S2a),	with	a	positive	tendency	in	tem‐
perate	forest	and	grasslands	(Supporting	Information	Figure	S5).
Rank	 correlation	 tests	 for	 funnel	 plot	 asymmetry	 (Supporting	
Information	Figure	S6)	indicate	that	our	datasets	are	not	subject	to	
publication	 bias	 (Kendall's	 τabundance =	 −0.052,	p	 =	 0.187;	 Kendall's	
τrichness	=	0.059,	p	=	0.392);	that	is,	there	is	no	relationship	between	
effect	 size	 magnitude	 and	 sample	 size.	 Accordingly,	 the	 recalcu‐
lated	unbiased	overall	effect	size	after	 incorporating	all	potentially	








was	 especially	 clear	 and	 significant	 in	 early	 postfire	 communities,	
after	wildfires,	and	for	Hymenoptera	(the	largest	group	of	pollinators).	



















Heady,	 Hayes,	 &	 Frick,	 2013;	 Fontaine	 &	 Kennedy,	 2012;	 Kalies,	
Chambers,	&	Covington,	2010).	The	 fact	 that	pollinators	 are	mostly	
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The	different	fire	regime	characteristics	are	key	for	determin‐
ing	 species	 fire	 tolerance	and	diversity	 (Keeley,	Pausas,	Rundel,	
Bond,	 &	 Bradstock,	 2011;	 Pausas,	 2019).	 For	 instance,	 polli‐





in	 comparison	 to	 unburned	 sites	 (Figure	 2).	 The	 fire	 interval	 in	
these	 studies	 ranged	 from	 10	 to	 12	 years	 (SD	 =	 5–7	 years	 be‐
tween	fires),	and	they	largely	corresponded	to	wildfires	(69%)	in	
extratropical	 biomes.	 That	 is,	 under	 non‐tropical	 environments	
these	short	 fire	 intervals	 tend	 to	be	detrimental	 for	pollinators,	
as	for	other	organisms	(Kowaljow	et	al.,	2018;	Kral	et	al.,	2017).	
However,	we	cannot	disentangle	whether	 this	 reduction	of	pol‐




The	 positive	 effect	 of	 fire	 on	 pollinators	 can	 also	 be	 seen	
when	we	 look	at	 the	time	since	 fire,	as	only	early	postfire	stud‐










ers,	 Carpenter	 &	 Recher,	 1979;	Ne'eman,	Dafni,	 &	 Potts,	 2000)	
support	the	preference	for	early	postfire	vegetation.	In	addition,	
pollinator	response	to	postfire	age	was	little	affected	by	vegeta‐
tion	 physiognomy	 (grassland,	 shrubland,	 forest),	with	 only	 early	
postfire	 grasslands	 showing	 higher	 pollinator	 abundance.	 These	
results	 suggest	 that	 increasing	 flowering	 postfire	 is	 quite	 gen‐
eral	across	vegetation	types	(Lamont	&	Downes,	2011).	The	high	
number	 of	 herbaceous	 species	 in	 fire‐prone	 environments	 with	
floral	phenology	synchronized	by	fire	 (Lamont	&	Downes,	2011;	
Pilon,	Hoffmann,	Abreu,	&	Durigan,	2018)	can	be	quite	attractive	
to	 pollinators,	 explaining	 the	 higher	 pollinator	 visitation	 to	 flo‐















































fire	 increased	 the	 abundance	 of	 social	 and	 below	 ground‐nesting	




Lepidoptera	 abundance	 tends	 to	 decrease	 under	 wildfire	 re‐
gimes.	Habitat	 specialists	 and	 oligolectic	 butterflies	 are	 often	 un‐
derrepresented	after	wildfires	 (Cleary	et	al.,	2004;	Swengel,	1998,	
2001;	 Swengel	 &	 Swengel,	 2013).	 However,	 we	 tested	 adult	 but‐
terflies'	 habitat	 preference	 (generalist	 versus	 specialist)	 and	 feed‐
ing	 behaviour	 at	 the	 larval	 life	 stage	 (polylectic	 versus	 oligolectic)	
as	moderators	and	failed	to	find	significant	differences	(not	shown).	
Therefore,	 the	 negative	 response	 of	 Lepidoptera	 to	 wildfires	 is	
likely	 due	 to	 the	 higher	 larvae	 susceptibility	 to	 direct	 fire	 effects	
than	Hymenoptera,	which	 typically	nest	 in	more	protected	micro‐
sites	(e.g.,	belowground	or	woody	holes).	In	addition,	it	is	likely	that	
increased	 light	 in	burned	habitats	 and	 consequent	 changes	 in	 leaf	
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tissues,	 which	 lepidopteran	 larvae	 depend	 on,	 could	 be	 responsi‐
ble	 for	 the	 lower	 butterfly	 abundance	 after	 wildfires	 (Cariveau	 &	
Winfree,	2015;	Kral	et	al.,	2017;	Swengel,	2001).





















intervals	 in	non‐tropical	ecosystems	may	be	a	 threat	 to	 	pollinators,	
and	especially	lepidopterans.	This	is	critical	because	it	emphasizes	the	
importance	of	fire	regime	(and	not	fire	per	se;	Keeley	et	al.,	2011)	in	
determining	 the	winners	and	 losers	 in	 fire‐prone	ecosystems.	Given	
the	 ongoing	 global	 fire	 regime	 changes,	 it	 is	 imperative	 to	monitor	
postfire	 pollination	 across	many	 ecosystems,	 as	 our	 results	 suggest	
that	 fire	 regime	 is	 critical	 in	 determining	 the	dynamics	 of	 pollinator	
communities,	and	thus	of	the	pollination	service.
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